The structures of four salt forms of sulfadiazine (SDH) with alkali metal cations are presented. Three contain the deprotonated SD anion (C 10 H 9 N 4 O 2 S). These are the discrete complex diaqua{4-[(pyrimidin-2-ylazanidyl-N 1 )sulfonyl-O]-aniline}lithium(I), [Li(SD)(H 2 O) 2 ], (I), and the coordination polymers poly[{ 3 -4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline}sodium(I)], [Na(SD)] n , (II), and poly-[diaqua{ 3 -4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline}potassium(I)], [K(SD)-(H 2 O) 2 ] n , (III). Na complex (II) is a three-dimensional coordination polymer, whilst K complex (III) has two crystallographically independent [K(SD)(H 2 O) 2 ] units per asymmetric unit (Z 0 = 2) and gives a two-dimensional coordination polymer whose layers propagate parallel to the crystallographic ab plane. The different bonding modes of the SD anion in these three complexes is discussed. Structure (IV) contains protonated SDH 2 cations {4-[(pyrimidin-2-yl)sulfamoyl]anilinium, C 10 H 11 N 4 O 2 S} and the Orange G dianion [OG, 7-oxo-8-(phenylhydrazinylidene)naphthalene-1,3-disulfonate, C 16 H 10 N 2 O 7 S 2 ], namely, 4-[(pyrimidin-2-yl)sulfamoyl]anilinium tetraaqua[7-oxo-8-(phenylhydrazinylidene)naphthalene-1,3-disulfonato]sodium(I) sesquihydrate, (SDH 2 )[Na(OG)(H 2 O) 4 ]Á-1.5H 2 O. The [Na(OG)(H 2 O) 4 ] 2 dimers have antiparallel naphthyl ring structures joined through two Na centres that bond to the hydrazone anions through the O atoms of the ketone and sulfonate substituents. The structures of the salts formed on reaction of SDH with 2-aminopyridine and ethanolamine are also presented as 2-aminopyridinium 4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline, [C 5 H 7 N 2 ][SD], (V), and ethanolaminium 4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline monohydrate, [HOCH 2 CH 2 NH 3 ][SD]ÁH 2 O, (VI), respectively. Structure (V) features a heterodimeric R 2 2 (8) hydrogen-bond motif between the cation and the anion, whilst structure (VI) has a tetrameric core of two cations linked by a central R 2 2 (10) hydrogen-bonded motif which supports two anions linked to this core by R 3 3 (8) motifs.
The structures of four salt forms of sulfadiazine (SDH) with alkali metal cations are presented. Three contain the deprotonated SD anion (C 10 H 9 N 4 O 2 S). These are the discrete complex diaqua{4-[(pyrimidin-2-ylazanidyl-N 1 )sulfonyl-O]-aniline}lithium(I), [Li(SD)(H 2 O) 2 ], (I), and the coordination polymers poly [{ 3 -4-[(pyrimidin-2-ylazanidyl) sulfonyl]aniline}sodium(I)], [Na(SD)] n , (II), and poly-[diaqua{ 3 -4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline}potassium(I)], [K(SD)-(H 2 O) 2 ] n , (III). Na complex (II) is a three-dimensional coordination polymer, whilst K complex (III) has two crystallographically independent [K(SD)(H 2 O) 2 ] units per asymmetric unit (Z 0 = 2) and gives a two-dimensional coordination polymer whose layers propagate parallel to the crystallographic ab plane. The different bonding modes of the SD anion in these three complexes is discussed. Structure (IV) contains protonated SDH 2 cations {4-[(pyrimidin-2-yl)sulfamoyl]anilinium, C 10 H 11 N 4 O 2 S} and the Orange G dianion [OG, naphthalene-1,3-disulfonate, C 16 H 10 N 2 O 7 S 2 ], namely, 4-[(pyrimidin-2-yl)sulfamoyl]anilinium tetraaqua[7-oxo-8-(phenylhydrazinylidene)naphthalene-1,3-disulfonato]sodium(I) sesquihydrate, (SDH 2 )[Na(OG)(H 2 O) 4 ]Á-1.5H 2 O. The [Na(OG)(H 2 O) 4 ] 2 dimers have antiparallel naphthyl ring structures joined through two Na centres that bond to the hydrazone anions through the O atoms of the ketone and sulfonate substituents. The structures of the salts formed on reaction of SDH with 2-aminopyridine and ethanolamine are also presented as 2-aminopyridinium 4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline, [C 5 H 7 N 2 ] [SD], (V), and ethanolaminium 4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline monohydrate, [HOCH 2 CH 2 NH 3 ][SD]ÁH 2 O, (VI), respectively. Structure (V) features a heterodimeric R 2 2 (8) hydrogen-bond motif between the cation and the anion, whilst structure (VI) has a tetrameric core of two cations linked by a central R 2 2 (10) hydrogen-bonded motif which supports two anions linked to this core by R 3 3 (8) motifs.
Introduction
The active pharmaceutical ingredient (API) 4-amino-N-(pyrimidin-2-yl)benzenesulfonamide, commonly known as sulfadiazine (SDH), is a well-known antibiotic. Common variants are its Ag I complex, which is used in creams and impregnated medical devices, and its Na salt, which is used intravenously (Fisher et al., 2003; Ghedini et al., 2017; Mohseni et al., 2016; Preskey & Kayes, 1976) . SDH is amphoteric, allowing saltformation reactions to be carried out with both acids and bases. This is pharmaceutically useful, as salt formation is the commonest route used to modify the performance-critical material properties (e.g. aqueous solubility, melting point or mechanical properties) of APIs (Stahl & Wermuth, 2008) . Structural studies of protonated SDH 2 cations as a variety of salt forms have been published (e.g. Pan et al., 2013; Buist et al., 2014) , as have studies of cocrystal phases featuring neutral SDH (e.g. Elacqua et al., 2013) . Structures of the deprotonated SD anion are also well represented in the literature. These include the structure of the commercially utilized Ag I complex (Baenziger & Struss, 1976) and of many transition-metal complexes, especially those involving the heavier first-row transition metals Co, Ni, Cu and Zn (e.g. Shi et al., 2015; Sun et al., 2016; Pan et al., 2012) . Salt structures of SD with organic cations are also well known (e.g. Elacqua et al., 2013; Heren et al., 2006) . Somewhat strangely, there are very few structural studies of s-block metal complexes of SD. As far as we are aware, the only known s-block metal structure is that of a Ca salt form (Tommasino et al., 2011) . Given the ubiquity of s-block metal salt usage in pharmaceutical materials in general, and the long-standing commercial use of [Na] [SD] in particular, this seemed an odd omission (Stahl & Wermuth, 2008; Preskey & Kayes, 1976) . The current study adds to our knowledge of sulfadiazine structural chemistry by reporting the structures of three alkali metal salt forms of SD with Li, Na and K, i.e. structures (I), (II) and (III), respectively, as well as the structure formed when the sulfonated azo dye sodium Orange G (OG) crystallizes in the presence of SDH to give a form containing both Na and SDH 2 cations, (IV) (see Schemes 1 and 2). Finally, the structures of two new organic salt forms, (V) and (VI), prepared by reaction of SDH with the bases 2-aminopyridine and ethanolamine, are also presented for comparison.
Experimental

Synthesis and crystallization
The simple salt forms were prepared by reacting 1:1 molar mixtures of sulfadiazine and MOH (M = Li, Na or K) or the organic base in water-ethanol (50:50 v/v). The mixtures were stirred and heated to give clear solutions, before being left to cool to room temperature. Partial evaporation of these reaction mixtures over periods of 4-7 d gave suitable crystals of (I), (III), (V) and (VI), but a fine powder of Na salt (II). Good-quality crystals of (II) were obtained by vapour diffusion of ethanol into an aqueous solution of sodium sulfadiazine. Na Orange G (OG) complex (IV) was obtained by dissolving NaOG (0.20 g, 0.44 mmol) in the minimum amount of water. A slight excess of sulfadiazine (0.12 g, 0.48 mmol) was also dissolved in the minimum amount of water. The two solutions were mixed together with stirring and acidified with concentrated HCl. After 3 d, orange crystals of (IV) had grown. Table 3 for details of bond lengths and angles). This O,Nchelation mode is unusual. Discrete d-block metal complexes of SD normally bond to metal centres through an N,N 0chelating mode, utilizing both the ring and sulfamide N atoms (e.g. Shi et al., 2015; Sun et al., 2016; Pan et al., 2012) . The same is true of the Ca salt (Tommasino et al., 2011) . The polymer [Zn(SD)] n does feature a similar O,N-chelation mode (Yuan et al., 2001) and the dimeric species [Cu 2 (SD) 4 ] can be described as containing Cu-O bonds, but these are very long (2.55-2.75 Å ) and form part of four-membered chelate rings with the sulfamide N atom rather than six-membered chelate rings involving the pyrimidine N atom, as observed for (I) (Shi et al., 2015) . The structure of the pharmaceutically important coordination polymer [Ag(SD)] n does contain the O,N-chelation mode seen for (I), with the polymer propagating through both the common N,N 0 -chelation mode and the O,N-mode (Baenziger & Struss, 1976) .
Like the Ag complex, the structure of anhydrous [Na(SD)] n , (II), forms a coordination polymer through each SD anion making two chelating interactions with two metal centres. One such interaction forms a six-membered NaOSNCN ring with an O,N-bonding mode and the other forms an NaNCN ring with an N,N 0 -mode. The coordination polymer is further connected by NaONaO four-membered rings (see Figs. 2 and 3). Thus, atoms N1, N2, N3 and O1 bond to Na centres and form one-dimensional coordination chains that propagate parallel to the crystallographic a direction. Unlike the Ag complex, in (II), the amine group of the ligand also takes part in bonding. This gives hexacoordinated Na centres (Table 4 ). This last interaction type links the individual chains through amine-to-Na bonds and gives the overall threedimensional coordination polymer shown in Fig. 4 . We are aware of no other examples of anionic SD bonding to metal through its NH 2 tail. The coordination polymer is supported by amine-to-SO 2 N-HÁ Á ÁO hydrogen bonds, as described in Table 5 . Table 2 Hydrogen-bond geometry (Å , ) for (I). Symmetry codes: (i) x; Ày þ 1; z À 1 2 ; (ii) x þ 1 2 ; Ày þ 1 2 ; z À 1 2 ; (iii) x; Ày; z À 1 2 ; (iv) x þ 1 2 ; y À 1 2 ; z.
Figure 2
The contents of the asymmetric unit of Na salt (II), with non-H atoms shown as 50% probability displacement ellipsoids.
Figure 3
Part of the extended structure of (II), showing the dative bonds that give a one-dimensional chain that extends in the crystallographic a direction. H atoms have been omitted for clarity. Here and in other colour figures, black = C, blue = N, red = O, yellow = S and pink = alkali metal.
Figure 4
Packing diagram for (II), viewed down the a-axis direction. Table 3 Selected geometric parameters (Å , ) for (I).
108.5 (2) O1-Li1-N2 90.91 (18) K salt (III) is a dihydrate with two crystallographically independent [K(SD)(H 2 O) 2 ] units per asymmetric unit (Z 0 = 2) (see Fig. 5 ). Of the four independent water molecules, two (O2W and O3W) act as terminal ligands, whilst O1W bridges between K1 and K1 ii [symmetry code: (ii) Àx + 1, Ày + 1, Àz + 1] and O3W interestingly bridges between three K centres [K1, K2 and K1 i ; symmetry code: (i) Àx, Ày + 1, Àz + 1] (see Table 6 for details). The two independent SD anions also have different bonding modes; the ligand containing atom O3 utilizes both of its O atoms and three of its N atoms to bond between four separate K centres. Each N atom bonds to only one K centre, with the O atoms both bridging between two K centres. Like the Na and Ag species above, this ligand features both N,N 0 four-membered ring-forming and O,N sixmembered ring-forming chelation modes. Perhaps surprisingly, the other SD anion adopts a bonding mode that forms only two donor-to-K contacts and bonds to only one K centre. Atoms O1 and N1 (the sulfamide N atom) bond to K2. This O,N [KOSN] four-membered ring-forming bonding mode is not seen for other s-block metals with SD, but can be observed in the structure of [Cu 2 (SD) 4 ] (Shi et al., 2015) . See Table 7 for a summary of the different bonding modes adopted by SD with alkali metals. A final difference between the two SD ligands is conformational. The SD anion that bonds to multiple K centres has the same conformation as that found for the SD anions in all the other structures reported herein. That is, one of the SO 2 O atoms lies close to the plane of the aniline ring and the pyrimidine ring is syn to this O atom. However, the SD anion that makes only two bonds to K2 has an alternative conformation where it is the amide N atom and not an O atom that lies closest to the plane of the aniline ring [N1-S1-C5-C6 = 17.7 (4) ]. The coordination bonds combine to give two-dimensional coordination polymers that propagate parallel to the ab plane and gives the layered structure shown in Fig. 6 , with organic bilayers and inorganic layers alternating along the crystallographic c direction. Hydrogen bonds from the amine group link neighbouring twodimensional coordination polymers (Table 8) .
Crystallized from SDH in the presence of acid and the sodium salt of OG, (IV) has the general formula [ Table 5 Hydrogen-bond geometry (Å , ) for (II). (2) 2.959 (2) 110.5 (17) Symmetry codes: (iv) Àx; y þ 1 2 ; Àz þ 1 2 ; (v) Àx þ 1; y þ 1 2 ; Àz þ 1 2 . Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1; (ii) Àx þ 1; Ày þ 1; Àz þ 1; (iii) Àx; Ày þ 2, Àz þ 1.
Figure 5
The contents of the asymmetric unit of K salt (III), with non-H atoms shown as 50% probability displacement ellipsoids. Disordered H-atom positions on water ligand O4W are not shown.
Figure 6
Packing diagram for (III), showing the layered structure, viewed down the a-axis direction. any other structure containing both a metal cation and cationic SDH 2 . There are four independent water ligands bound to atom Na1. These are ordered but the noncoordinated water molecules are not and have been modelled over three crystallographic sites, each with a site-occupancy factor of 0.5. In common with other sulfonated azo species based on naphthol units, the dye adopts the hydrazone tautomeric form with protonation at atom N6 of the N N group (Kennedy et al., 2012) . This leads to characteristic lengthening (e.g. N N and C-C) and shortening (e.g. O-C and N-C) of relevant bonds compared to similar azo species. Compare the values in Table 9 with, for example, 1.253 (2) and 1.418 (3) Å for the N N and N-C bond lengths in a typical azo species (Kennedy et al., 2001) . The dimeric unit is shown in Fig. 8 and is crystallographically centrosymmetric (Z 0 = 0.5). The naphthyl units lie antiparallel to each other with an octahedral Na centre at each end. In addition to the four terminal water ligands, each Na centre bonds to the ketone group of one anion and to atom O7 of a sulfonate group of a second anion, thus creating the dimeric unit. See Tables 9 and 10 for bonding parameters. There is some degree of -tostacking across this dimer, as is indicated by a minimum CÁ Á ÁC distance of 3.482 (2) Å (between atom C11 and the C15 atom at Àx, Ày + 1, Àz). Orange G is exceptional amongst sulfonated azo colourants in having been widely studied crystallographically.
Structures are known for its s-block metal salts, for its complexes with transition metals and for salt forms with organic cations (Kennedy et al., 2006 (Kennedy et al., , 2010  Ojala et al.,
Figure 7
The contents of the asymmetric unit of (IV), with non-H atoms shown as 50% probability displacement ellipsoids. Disordered H-atom positions on water molecules are not shown. Table 8 Hydrogen-bond geometry (Å , ) for (III). Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1; (iii) Àx; Ày þ 2; Àz þ 1; (iv) x À 1; y; z; (v) Àx À 1; Ày þ 2; Àz þ 1; (vi) Àx À 1; Ày; Àz; (vii) x; y À 1; z; (viii) x; y; z þ 1. Table 9 Selected geometric parameters (Å , ) for (IV). (2) O1W-Na1-O4W 169.11 (5) O3-Na1-O3W 166.97 (5) O1W-Na1-O3 90.96 (4) O7 i -Na1-O3W 80.17 (5) O4W-Na1-O3 98.12 (5) O1W-Na1-O2W 81.14 (5) O1W-Na1-O7 i 85.13 (4) O4W-Na1-O2W 91.10 (6) O4W-Na1-O7 i 101.30 (5) O3-Na1-O2W 101.64 (5) O3-Na1-O7 i 86.81 (4) O7 i -Na1-O2W 163.94 (5) O1W-Na1-O3W 87.73 (5) O3W-Na1-O2W 90.97 (5) O4W-Na1-O3W 84.75 (6) Symmetry code: (i) Àx; Ày þ 1; Àz.
Figure 8
A view of the dimeric [Na(H 2 O) 4 ] 2 (OG) 2 fragment found in structure (IV).
1994a,b). However, the dimeric unit observed here is not seen for other s-block metal salt forms of OG. The closest motif occurs in the Ag I complex of OG, where a similar dimer forms part of a larger polymeric coordination network (Kennedy et al., 2006) . The sulfadiazine cation is found to have three H atoms bound to atom N4, the aniline group, and one H atom bound to N3 of the pyrimidine ring. In contrast, previous work had found that SDH 2 cations adopted this tautomeric form with simple anions, but with sulfonate anions gave the alternative tautomer with protonation at the amide N atom (Buist et al., 2014) . The geometry of the SDH 2 cation is somewhat different from those of the SD anions in the other structures presented. Conformationally, it is again an O atom that lies closest to the plane of the aniline ring, but in contrast to the SD anions, this O atom is anti to the pyrimidine ring. An expected small increase in S-N bond length is also seen for SDH 2 as compared to the SD anions (Elacqua et al., 2013; Buist et al., 2014) . Another feature common in other structures with SDH 2 cations is a centrosymmetric R 2 2 (8) hydrogenbonded dimer of cations formed utilizing amide and pyrimidine N atoms (Buist et al., 2014) . This motif is retained in (IV). Structure (IV) has a layered structure with hydrophilic/inorganic layers parallel to the bc plane alternating with hydrophobic/organic layers.
Formed from the reaction of SDH with 2-aminopyridine, structure (V) is that of [C 5 H 4 N(H)NH 2 ][SD] ( Fig. 9 ). It features a heterodimeric R 2 2 (8) hydrogen bond between the cation and the amide N atom and one pyrimidine ring N atom of the SD anion ( Fig. 10 ). There are also anion-to-anion interactions, with the amine group of the SD anion donating two hydrogen bonds to O atoms of two neighbouring SD anions. A final hydrogen bond is of type N-HÁ Á ÁN and is donated by the pyridine amine group to the SD amine group (see Table 11 for details). Unusually, this leaves one N atom of the pyrimidine ring with no hydrogen-bonding interaction. The resulting structure has layers formed of heteroaromatic rings (both pyridine and pyrimidine) alternating with layers of aniline groups, these layers lie parallel to the crystallographic ac plane. Structure (VI) was obtained on the reaction of SDH with ethanolamine and is that of the hydrate, i.e. [HOCH 2 -CH 2 NH 3 ][SD]ÁH 2 O (Fig. 11 ). The dimeric R 2 2 (8) hydrogenbond motif does not occur in this structure. It is replaced by a Detail from the structure of (V), highlighting the R 2 2 (8) cation-to-anion hydrogen-bond interaction and the role of the amine groups.
Table 11
Hydrogen-bond geometry (Å , ) for (V). Symmetry codes: (i) x À 1; Ày þ 3 2 ; z À 1 2 ; (ii) x À 1; y; z; (iii) Àx þ 2; Ày þ 2; Àz; (iv) Àx þ 1; Ày þ 2; Àz.
Figure 9
The contents of the asymmetric unit of (V), with non-H atoms shown as 50% probability displacement ellipsoids.
Table 10
Hydrogen-bond geometry (Å , ) for (IV).
four-molecule aggregate comprising the amide N atom and one pyrimidine ring N atom of two SD anions interacting with a centrosymmetric dimer of HOCH 2 CH 2 NH 3 cations (see Fig. 12 ). Thus, there are two R 3 3 (8) motifs supported by a central R 2 2 (10) motif. The aggregates are linked by hydrogen bonding through a bifurcated hydrogen bond from atom H4N to O-and N-atom acceptors on an SD anion and through the water molecules. Each water molecule interacts with four neighbouring SD anions. Thus, each water molecule donates two hydrogen bonds to O atoms of SD anions, and accepts two hydrogen bonds from the SD amine groups (see Table 12 for details).
Figure 11
The contents of the asymmetric unit of (VI), with non-H atoms shown as 50% probability displacement ellipsoids.
Table 12
Hydrogen-bond geometry (Å , ) for (VI). (2) Symmetry codes: (i) Àx; Ày; Àz þ 1; (ii) x; Ày À 1 2 ; z À 1 2 ; (iii) Àx þ 1; Ày À 1; Àz þ 1; (iv) x; y À 1; z; (v) Àx þ 1; Ày; Àz þ 1; (vi) x; Ày þ 1 2 ; z þ 1 2 .
Figure 12
Detail from the structure of (VI), showing the hydrogen-bonded aggregate formed by two cations and two anions. For all structures, data collection: CrysAlis PRO (Agilent, 2014) ; cell refinement: CrysAlis PRO (Agilent, 2014) ; data reduction: CrysAlis PRO (Agilent, 2014) . Program(s) used to solve structure: SIR92 (Altomare et al., 1994) for (I), (III);
SHELXT (Sheldrick, 2015a) for (II), (V), (VI). For all structures, program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b); molecular graphics: Mercury (Macrae et al., 2008) . Software used to prepare material for publication:
Diaqua{4-[(pyrimidin-2-ylazanidyl-κN 1 )sulfonyl-κO]aniline}lithium(I) (I)
Crystal data where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.28 e Å −3 Δρ min = −0.25 e Å −3 Extinction correction: SHELXL2014 (Sheldrick, 2015b) ,
Extinction coefficient: 0.0054 (9) Absolute structure: Refined as an inversion twin. Absolute structure parameter: −0.01 (8)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refined as a 2-component inversion twin.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Li1 0.8416 (4) 0.2755 (4) 0.4134 (5) 0.0198 (8) S1
0.75432 (4) 0.33089 (4) 0.70030 (5) 0.01208 (13) (9) 0.0001 (6) 0.0032 (6) −0.0042 (7) O1W 0.0208 (9) 0.0181 (9) 0.0246 (9) 0.0048 (7) 0.0098 (7) 0.0059 (8) O2W 0.0274 (11) 0.0332 (11) 0.0345 (12) 0.0151 (8) 0.0209 (9) 0.0194 (9) N1 0.0100 (9) 0.0144 (9) 0.0145 (9) −0.0011 (7) 0.0020 (6) −0.0011 (8) N2 0.0140 (10) 0.0165 (10) 0.0160 (10) 0.0001 (8) 0.0049 (7) −0.0007 (8) N3 0.0135 (9) 0.0149 (10) 0.0149 (9) −0.0035 (8) 0.0013 (7) 0.0015 (8) N4 0.0194 (11) 0.0187 (11) 0.0180 (11) 0.0018 (8) −0.0032 (8) −0.0010 (8) C1 0.0126 (10) 0.0117 (10) 0.0120 (11) 0.0003 (8) 0.0004 (7) 0.0030 (8) C2 0.0230 (12) 0.0219 (12) 0.0172 (12) 0.0010 (10) 0.0071 (9) −0.0048 (10) C3 0.0262 (13) 0.0218 (12) 0.0214 (13) −0.0044 (10) 0.0025 (9) −0.0108 (11) C4 0.0171 (11) 0.0182 (12) 0.0198 (12) −0.0042 (9) −0.0005 (8) 0.0008 (10) C5 0.0127 (10) 0.0133 (11) 0.0150 (11) −0.0018 (8) 0.0001 (8) −0.0019 (9) C6 0.0157 (11) 0.0212 (12) 0.0200 (13) −0.0016 (10) 0.0029 (9) 0.0004 (10) C7 0.0215 (12) 0.0208 (12) 0.0174 (12) −0.0014 (10) 0.0049 (9) 0.0030 (10) C8 0.0184 (11) 0.0142 (11) 0.0157 (12) −0.0026 (9) −0.0030 (8) −0.0031 (9) C9 0.0129 (11) 0.0176 (12) 0.0167 (11) 0.0018 (9) 0.0004 (8) −0.0036 (9) C10 0.0139 (11) 0.0177 (12) 0.0145 (11) −0.0003 (9) 0.0027 (8) 0.0000 (9) Geometric parameters (Å, º)
2.077 (5) C2-C3 1.370 (4) Li1-S1 3.002 (4) C2-H2 0.9500 S1-O2 1.4533 (17) C3-C4 1.382 (3) S1-O1 1.4612 (16) C3-H3 0.9500 S1-N1 1.5761 (19) C4-H4 0.9500 S1-C5
126.84 (19) C3-C2-H2 118.4 O1-Li1-S1 23.87 (8) C2-C3-C4 115.9 (2) N2-Li1-S1 68.13 (13) C2-C3-H3 122.0 O2-S1-O1 113.09 (10) C4-C3-H3 122.0 O2-S1-N1 106.15 (10) N3-C4-C3 123.2 (2) O1-S1-N1 115.22 (10) N3-C4-H4 118.4 O2-S1-C5 107.73 (10) C3-C4-H4 118.4 O1-S1-C5 107.16 (10) C10-C5-C6 120.4 (2) N1-S1-C5 107.14 (10) C10-C5-S1 120.99 (18) O2-S1-Li1 144.30 (11) C6-C5-S1 118.58 (18) O1-S1-Li1 32.38 (11) C7-C6-C5 119.7 (2) N1-S1-Li1 91.02 (11) C7-C6-H6 120.1 C5-S1-Li1 96.20 (11) C5-C6-H6 120.1 S1-O1-Li1 123.74 (16) C6
116 (2) O2-S1-O1-Li1 −167.45 (18) C2-C3-C4-N3 −1.0 (4) N1-S1-O1-Li1 −45.1 (2) O2-S1-C5-C10 −123.58 (19) C5-S1-O1-Li1 74.0 (2) O1-S1-C5-C10 −1.6 (2) O2-S1-N1-C1 169.98 (18) N1-S1-C5-C10 122.58 (19) O1-S1-N1-C1 44.0 (2) Li1-S1-C5-C10 29.6 (2) C5-S1-N1-C1 −75.1 (2) O2-S1-C5-C6 56.4 (2) Li1-S1-N1-C1 21.7 (2) O1-S1-C5-C6 178.37 (18) 
Hydrogen-bond geometry (Å, º)
Poly[{µ 3 -4-[(pyrimidin-2-ylazanidyl)sulfonyl]aniline}sodium(I)] (II)
Crystal data
[Na (C 10 
Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (7) 0.0013 (6) −0.0022 (7) C2 0.0165 (9) 0.0183 (10) 0.0247 (11) −0.0013 (7) 0.0052 (7) 0.0027 (9) C3 0.0243 (10) 0.0171 (10) 0.0267 (12) 0.0027 (8) 0.0084 (8) 0.0075 (9) C4 0.0182 (9) 0.0212 (10) 0.0203 (10) 0.0067 (8) 0.0023 (7) 0.0053 (9) C5 0.0123 (8) 0.0131 (9) 0.0106 (9) 0.0017 (7) −0.0014 (6) 0.0002 (7) C6 0.0125 (8) 0.0194 (10) 0.0143 (9) −0.0019 (7) 0.0011 (7) −0.0023 (8)
sup-7
Acta Cryst. (2018). C74, 472-479 C7 0.0132 (8) 0.0212 (10) 0.0145 (9) −0.0003 (7) 0.0027 (7) −0.0021 (8) C8 0.0146 (8) 0.0143 (9) 0.0129 (9) 0.0013 (7) −0.0024 (7) −0.0014 (8) C9 0.0131 (8) 0.0223 (10) 0.0174 (10) −0.0041 (7) −0.0010 (7) −0.0024 (9) C10 0.0132 (8) 0.0204 (10) 0.0148 (9) −0.0012 (7) 0.0031 (7 (5) N3-C4-H4 118.2 O1-Na1-Na1 i 37.29 (4) C3-C4-H4 118.2 N3 ii -Na1-Na1 i 155.65 (5) C10-C5-C6 119.51 (17) N4 iii -Na1-Na1 i 86.15 (5) C10-C5-S1 121.98 (14) N2 i -Na1-Na1 i 109.06 (5) C6-C5-S1 118.51 (13) C1 ii -Na1-Na1 i 128.42 (5) C7-C6-C5 121.10 (16) O2-S1-O1 113.78 (8) C7-C6-H6 119.5 O2-S1-N1 107.35 (8) C5-C6-H6 119.5 O1-S1-N1
114.59 (8) C6-C7-C8 119.79 (17) O2-S1-C5
104.83 (8) C6-C7-H7 120.1 O1-S1-C5
106.92 (8) C8-C7-H7 120.1 N1-S1-C5 108.86 (8) N4-C8-C7 119.84 (17) S1-O1-Na1 i 137.43 (8) N4-C8-C9 121.08 (16) S1-O1-Na1 117.97 (7) C7-C8-C9 119.01 (17) Na1 i -O1-Na1 102.00 (5) C10-C9-C8 121.26 (16) C1-N1-S1 122.48 (12) C10-C9-H9 119.4 C1-N1-Na1 ii 95.92 (10) C8-C9-H9 119.4 S1-N1-Na1 ii 138.08 (9) C9-C10-C5 119.32 (17) C2-N2-C1 116.40 (15) C9-C10-H10 120.3 C2-N2-Na1 i 107.99 (12) C5-C10-H10 120.3 C1-N2-Na1 i 121.33 (12) O2-S1-O1-Na1 i 163.45 (10) Na1 ii -N1-C1-N3 13.88 (16) N1-S1-O1-Na1 i 39.38 (14) S1-N1-C1-Na1 ii 162.33 (16) C5-S1-O1-Na1 i −81.32 (12) C1-N2-C2-C3 −1.3 (3) O2-S1-O1-Na1 5.61 (10) Na1 i -N2-C2-C3 139.15 (18) N1-S1-O1-Na1 −118.45 (8) N2-C2-C3-C4 −3.2 (3) C5-S1-O1-Na1 120.84 (8) C1-N3-C4-C3 0.3 (3) O2-S1-N1-C1 −170.13 (14) Na1 ii -N3-C4-C3 −164.85 (18) O1-S1-N1-C1 −42.71 (17) C2-C3-C4-N3 3.8 (3) C5-S1-N1-C1 76.92 (16) O2-S1-C5-C10 141.97 (15) O2-S1-N1-Na1 ii −17.00 (15) O1-S1-C5-C10 20.87 (18) O1-S1-N1-Na1 ii 110.42 (13) N1-S1-C5-C10 −103.42 (16) C5-S1-N1-Na1 ii −129.95 (13) O2-S1-C5-C6 −37.32 (16) C2-N2-C1-N3 5.9 (3) O1-S1-C5-C6 −158.41 (14) 
176.20 (13) S1-C5-C10-C9 −179.03 ( (7) 0.059 (4) 0.07 (2)* H2N −0.383 (7) 0.010 (7) 0.111 (4) 0.06 (2) (12) O1-S1-N1 104.21 (18) N7-K1-O3W i 75.36 (10) O2-S1-C5 108.1 (2) O1W-K1-O3W i 79.04 (11) O1-S1-C5 107.12 (18) O4 i -K1-N5 130.33 (10) N1-S1-C5 107.9 (2) O3W-K1-N5 81.94 (10) O2-S1-K2 118.44 (13) O1W ii -K1-N5 135.34 (13) O1-S1-K2 47.64 (12) O2W-K1-N5 80.19 (11) N1-S1-K2 59.11 (13) (12) C6-C5-S1 121.0 (3) O3W-K2-N1 56.72 (9) C10-C5-S1 119.7 (4) O1-K2-N1 46.81 (9) C5-C6-C7 120.2 (4) N6 iii -K2-N1 89.55 (10) C5-C6-H6 119.9 O4-K2-N1 131.79 (9) C7-C6-H6 119.9 O3-K2-N1 151.48 (10) C8-C7-C6 121.2 (5) O3 iii -K2-S2 85.85 (7) C8-C7-H7 119.4 O4W-K2-S2 84.25 (10) C6-C7-H7 119.4 O3W-K2-S2 85.87 (7) C7-C8-C9 118.4 (4) O1-K2-S2 143.14 (7) C7-C8-N4 120.9 (5) N6 iii -K2-S2 126.55 (7) C9-C8-N4 120.7 (5) S2-K2-C12 iii 135.02 (8) N5-C11-K1 64.8 (2) O3 iii -K2-S1 113.47 (7) N6-C12-C13 123.7 (4) O4W-K2-S1 101.02 (10) N6-C12-K2 iii 56.0 (2) O3W-K2-S1 69.16 (7) C13-C12-K2 iii 143.9 (3) O1-K2-S1 22.03 (6) N6-C12-H12 118.2 N6 iii -K2-S1 79.88 (7) C13-C12-H12 118.2 O4-K2-S1 131.84 (6) K2 iii -C12-H12 74.7 O3-K2-S1 176.98 (7) C14-C13-C12 115.2 (4) N1-K2-S1 25.63 (7) C14-C13-H13 122.4 S2-K2-S1 153.19 (4) C12-C13-H13 122.4 C12 iii -K2-S1 67.56 (8) N7-C14-C13 123.8 (5) O3 iii -K2-K1 i 140.99 (7) N7-C14-H14 118.1 O4W-K2-K1 i 81.88 (9) C13-C14-H14 118.1 O3W-K2-K1 i 45.08 (7) C20-C15-C16 120.1 (4) O1-K2-K1 i 82.84 (7) C20-C15-S2 120.3 (3) N6 iii -K2-K1 i 153.33 (8) C16-C15-S2 119.6 (3) O4-K2-K1 i 39.76 (6) C17-C16-C15 120.0 (4) O3-K2-K1 i 86.84 (6) C17-C16-H16 120.0 N1-K2-K1 i 94.45 (7) C15-C16-H16 120.0 S2-K2-K1 i 61.95 (3) C16-C17-C18 121.0 (4) C12 iii -K2-K1 i 131.72 (8) C16-C17-H17 119.5 S1-K2-K1 i 92.52 (3) C18-C17-H17 119.5 O3 iii -K2-H5W 111.4 (10) N8-C18-C19 120.3 (4) O4W-K2-H5W 130.2 (11) N8-C18-C17 121.9 (4) O3W-K2-H5W 17.7 (2) C19-C18-C17 117.7 (4) O1-K2-H5W 65.1 (9) C20-C19-C18 121.6 (4) N6 iii -K2-H5W 128.6 (3) C20-C19-H19 119.2 O4-K2-H5W 93.3 (2) C18-C19-H19 119.2 O3-K2-H5W 123.2 (7) C19-C20-C15 119.5 (4) N1-K2-H5W 39.1 (3) C19-C20-H20 120.2 S2-K2-H5W 102.5 (4) C15-C20-H20 120.2 O2-S1-O1-K2 −107.96 (19) C10-C5-C6-C7 0.0 (7) N1-S1-O1-K2 18.6 (2) S1-C5-C6-C7 176.6 (3) C5-S1-O1-K2 132.83 (18) C5-C6-C7-C8 −1.8 (7) O4-S2-O3-K2 iii −161.4 (2) C6-C7-C8-C9 2.5 (7)
85.46 (17) C6-C5-C10-C9 1.0 (7) C15-S2-O3-K2 −152.14 (15) S1-C5-C10-C9 −175.6 (4) O3-S2-O4-K1 i 143. O4W-H7W···O2W iv 0.88 (1) 2.05 (2) 2.919 (6) 169 (7) O4W-H8W···O4W v 0.88 (1) 2.05 (2) 2.920 (8) 168 (9) N4-H1N···N4 vi 0.87 (7) 2.50 (6) 3.054 (9) 122 (5) N4-H2N···O2 vii 0.93 (7) 2.57 (7) 3.431 (7) 153 (5) N8-H3N···O2 viii 0.87 (5) 2.38 (5) 3.046 (5) 134 (4) N8-H3N···N3 viii 0.87 (5) 2.61 (5) 3.283 (6) 135 ( where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.26 e Å −3 Δρ min = −0.39 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. 0.30756 (9) 0.60882 (7) 0.58033 (7) 0.0231 (2) O2 0.25734 (9) 0.48924 (7) 0.64777 (7) 0.0232 (2) O1W −0.35372 (9) 0.22020 (7) 0.04238 (8) (7) 0.0201 (6) 0.0016 (5) 0.0069 (4) −0.0037 (5) O4W 0.0522 (9) 0.0349 (7) 0.0683 (11) 0.0142 (7) 0.0413 (8) 0.0217 (7) 0.0130 (6) 0.0250 (7) 0.0192 (6) 0.0018 (5) 0.0039 (5) 0.0018 (5) N2 0.0174 (6) 0.0246 (7) 0.0192 (6) 0.0006 (5) 0.0050 (5) 0.0011 (5) N3 0.0142 (6) 0.0266 (7) 0.0201 (7) 0.0013 (5) 0.0058 (5) 0.0025 (5) N4 0.0166 (7) 0.0317 (8) 0.0209 (7) 0.0058 (6) (7) 0.0181 (7) 0.0145 (7) 0.0001 (6) 0.0036 (5) 0.0024 (6) C12 0.0155 (7) 0.0224 (8) 0.0140 (7) −0.0009 (6) 0.0035 (6) 0.0024 (6) C13 0.0150 (7) 0.0251 (8) 0.0203 (8) 0.0015 (6) 0.0069 (6) 0.0004 (6) C14 0.0189 (7) 0.0205 (8) 0.0179 (7) 0.0021 (6) 0.0067 (6) 0.0009 (6) C15 0.0165 (7) 0.0205 (7) 0.0125 (7) −0.0002 (6) 0.0041 (6) 0.0030 (6) C16 0.0153 (7) 0.0202 (7) 0.0117 (7) −0.0006 (6) 0.0045 (6) 0.0033 (6) C17 0.0157 (7) 0.0207 (7) 0.0141 (7) −0.0002 (6) 0.0048 (6) 0.0026 (6) C18 0.0148 (7) 0.0240 (8) 0.0161 (7) −0.0016 (6) 0.0034 (6) 0.0037 (6) C19 0.0175 (7) 0.0212 (7) 0.0131 (7) −0.0032 (6) 0.0024 (6) 0.0029 (6) C20 0.0199 (7) 0.0189 (7) 0.0147 (7) −0.0010 (6) 0.0051 (6) 0.0014 (6) C21 0.0201 (7) 0.0175 (7) 0.0155 (7) 0.0010 (6) 0.0049 (6) 0.0021 (6) (14) C3-C4 1.364 (2) S1-O2 1.4428 (11) C3-H3 0.9500 S1-O1 1.4433 (12) C4-H4 0.9500 S1-N1 1.6055 (13) C5-C10 1.388 (2) S1-C5 where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.39 e Å −3 Δρ min = −0.48 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
x y z U iso */U eq S1 0.87444 (6) 0.84851 (2) 0.0221 (7) 0.0251 (7) 0.0242 (7) 0.0019 (6) 0.0130 (6) 0.0013 (6) N2 0.0188 (7) 0.0236 (7) 0.0215 (7) −0.0033 (5) 0.0097 (6) −0.0017 (5) N3 0.0220 (7) 0.0278 (7) 0.0224 (7) 0.0011 (6) 0.0119 (6) 0.0000 (6) N4 0.0302 (8) 0.0267 (8) 0.0333 (9) −0.0041 (7) 0.0201 (7) −0.0066 (7) N5 0.0230 (7) 0.0257 (7) 0.0230 (7) 0.0009 (6) (7) 0.0092 (7) 0.0001 (7) C3 0.0235 (8) 0.0219 (8) 0.0267 (9) −0.0007 (7) 0.0092 (7) −0.0045 (7) C4 0.0215 (8) 0.0300 (9) 0.0247 (8) −0.0001 (7) 0.0111 (7) −0.0047 (7) C5 0.0238 (8) 0.0199 (8) 0.0227 (8) 0.0031 (6) 0.0135 (7) 0.0024 (6) C6 0.0310 (9) 0.0265 (8) 0.0288 (9) 0.0033 (7) 0.0201 (8) −0.0030 (7) C7 0.0322 (9) 0.0250 (8) 0.0270 (9) −0.0013 (7) 0.0166 (8) −0.0071 (7) C8 0.0261 (8) 0.0183 (7) 0.0232 (8) 0.0027 (6) 0.0141 (7) 0.0044 (6) C9 0.0304 (9) 0.0229 (8) 0.0234 (8) 0.0022 (7) 0.0183 (7) 0.0015 (7) C10 0.0293 (9) 0.0228 (8) 0.0203 (8) 0.0014 (7) 0.0142 (7) −0.0009 (6) C11 0.0195 (8) 0.0253 (8) 0.0286 (9) 0.0006 (7) 0.0111 (7) −0.0029 (7) (11) 0.0289 (10) −0.0055 (9) 0.0185 (9) 0.0039 (8) C15 0.0368 (10) 0.0270 (9) 0.0331 (10) 0.0041 (8) 0.0202 (9) 0.0033 (8) Geometric parameters (Å, º) S1-O2 1.4458 (13) C3-H3 0.9500 S1-O1 1.4520 (12) C4-H4 0.9500 S1-N1 1.5834 (15) C5-C10 1.388 (2) S1-C5 1.7592 (17 (2) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.45 e Å −3 Δρ min = −0.47 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
x y z U iso */U eq S1 0.22358 (3) 0.19320 (4) (7) −0.0010 (5) −0.0029 (5) −0.0036 (6) N1 0.0127 (6) 0.0129 (6) 0.0135 (6) 0.0000 (5) −0.0011 (5) 0.0009 (5) N2 0.0147 (6) 0.0149 (7) 0.0139 (6) −0.0009 (5) −0.0006 (5) −0.0016 (5) N3 0.0179 (6) 0.0144 (7) 0.0126 (6) 0.0016 (5) 0.0012 (5) 0.0008 (5) N4 0.0253 (7) 0.0185 (8) 0.0171 (8) −0.0046 (6) −0.0014 (6) −0.0029 (6) N5 0.0164 (7) 0.0161 (7) 0.0131 (7) −0.0015 (5) −0.0010 (5) 0.0014 (6) C1 0.0149 (7) 0.0137 (7) 0.0085 (7) −0.0005 (6) −0.0017 (5) −0.0032 (6) C2 0.0135 (7) 0.0206 (8) 0.0096 (6) 0.0138 (7) 0.0122 (7) 0.0000 (5) 0.0000 (5) −0.0008 (6) C6 0.0149 (7) 0.0188 (8) 0.0109 (7) 0.0001 (6) 0.0013 (5) 0.0010 (6) C7 0.0172 (7) 0.0155 (8) 0.0161 (8) −0.0031 (6) 0.0017 (6) 0.0012 (6) C8 0.0111 (7) 0.0170 (8) 0.0169 (8) 0.0007 (6) 0.0007 (6) −0.0036 (6) C9 0.0152 (7) 0.0194 (8) 0.0104 (7) 0.0022 (6) 0.0003 (6) 0.0003 (6) C10 0.0135 (7) 0.0154 (7) 0.0134 (7) 0.0008 (6) 0.0007 (5) 0.0026 (6) C11 0.0171 (7) 0.0202 (8) 0.0178 (8) −0.0006 (6) 0.0000 (6) −0.0022 (7) C12 0.0168 (7) 0.0159 (8) 0.0187 (8) −0.0007 (6) −0.0021 (6) −0.0002 (7) Geometric parameters (Å, º) S1-O1 1.4525 (11) C2-C3 1.379 (2) S1-O2 1.4588 (11) C2-H2 0.9500 S1-N1 1.5838 (13) C3-C4 1.376 (2) S1-C5 
